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EXFECT OF WINGMOUNTED EXTEXNAL STORES ON THE LIFT AND 

DRAG OF THE DOlRTLAs D-558-I I  RESEARCH AIRPUNE AT 

By Jack Eugent 

A f l ight   invest igat ion was  made of the Douglas D-558-11 research 
airplane in both  the  basic and the 1%-gallon DAC store  configurations 
for a Mach nmber range from 0.48 t o  1.03. L i f t  and drag values f o r  both 
configurations ace presented. 

The addition of stores  increased  the drag a t  all Mach numbers tested.  
Below the drag rise  the  increase was  of about the same magnitude as the 

differences  noted in the drag-rise region were probably due t o  a less 
favorable  cross-sectional-area  distribution. The addition of stores 
reduced the peak maximum l i f t -drag   ra t io  by about 14 percent and reduced 
the  drag-rise Mach  number f o r  lift coefficients of 0.2 and 0.4. For Mach 
numbers below about 0.93, the  addition of stores  increased  the drag-due- 
t o - l i f t  factor.  A t  a Mach  number of 0.9 the  basic  configuration produced 
a 6rag-due-to-lift  factor of 0.19, whereas the  store  configuration  pro- 
duced a value of about 0.24. There was little difference in the lift- 
curve slope % for  the  basic and store  configurations  for Mach numbers 
below about 0.8. Above 0.8, larger  variations i n  % were noted f o r  

the  store  configuration. The basic  configuration  reached a peak C b  
of about 0.09 at a Mach  number of 0.8, whereas the store configuration 
reached a peak C h  of about 0.093 at a Mach  number of 0.85. 

- increase in wetted area caused by the addition of the stores. Iazger 

* 

L Since  stores mounted externally at various  airplane  locations  are 
being employed on present-day  airplanes t o  increase fuel and armament 
capacity,  determining  the  effects of these  stores on the   a i rplane 's  over- - all l i f t  and drag characterist ics has become of in te res t .  



Wind-tunnel studies have been made comparing the lift and drag chm- - 
ac ter i s t ics  of basic and store-modified  configurations for  several  air- 
planes,  including a m o d e l  of the Douglas D-538-11 research  airplane 
( re fs .  1 t o  3 ) .  However, l i t t l e  flight data exis t  on the effects of 
stores on the lift and drag coefficients of a full-scale  airplane.  Since 
the D-558-11 airplanes were equipped t o  accommodate wing stores, a store- 
configuration  flight program seemed advisable. However, only limited 
f l i gh t  data were available  for  the l i f t  and drag characteristics of the 
D-558-11 (144) all-rocket  airplane in  the  basic  configuration  (ref. 4) .  
Therefore, a t  the  request of the Bureau of Aeronautics, the NACA High- 
Speed Fl ight   Stat ion  a t  Edwards, C a l i f . ,  conducted f l i gh t   t e s t s  of the 
Douglas D-558-11 (145) turbojet- and rocket-powered research  airplane 
both with and without  external DAC fuel stores of 1% gallons capacity 
each mounted on pylons beneath  the w i n g s .  This paper presents  values of 
l i f t  and drag coefficients for both  configurations  over a Mach number 
range from about 0.48 t o  about 1.03 within  the usable lift range of the 
airplane. Data were obtained  during push-down, pull-up maneuvers, accel- 
erated turns, and speed runs covering an al t i tude range from about 
20,000 feet t o  about 40,000 fee t .  

b 

cross-sectional  area, sq f t  

exit   area of rocket  nozzle, sq Fn. 
exit   area of turbojet  nozzle, sq in. 
t h r o a t  mea of rocket  nozzle, sq in. 
measured normal acceleration, g units 

measured longitudinal  acceleration, g units 

airplane drag coefficient 

turbojet  nozzle  coefficient 

a m l a n e  lift coefficient 

slope of lift curve,  deg-l 
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rocket  nozzle  coefficient 

drag-due-to-lift  factor 

m e t  momentum of turbojet air, WaV/g, Ib 

gross turbojet  thrust, Ib 

rocket  engine  thrust, lb 

acceleration  due  to gravity, ft/sec2 

pressure  altitude, ft 

maximum value of lift-drag ratio 

length of airplane  configuration, ft 

free-stream Mach number 

ambient  static  pressure,  lb/sq ft abs 

rocket  chamber  pressure, l b / s q  in. abs 

rocket  nozzle  exit  pressure,  lb/sq in. abs 

turbojet  nozzle  total  pressure,  lbisq ft abs 

free-stream  dynamic  pressure, lb /sq  ft 

w i n g  mea, sq ft 

free-stream  velocity,  ft/sec 

airplane  weight, l b  

enghe air consungtion,  lb/sec 

distance along fuselage from nose, ft 

angle of attack of airplane  center lbe, deg 

angle  between  turbojet thrust axis and airplane axis, deg - 
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AlRpLANE AND STORES 

NACA m ~ 5 7 ~ 1 5 a  

The test airplane, one of the  three Douglas D-558-11 research air- 
planes, has the 30-percent  chord of the unswept w i n g  panel swept back 35O, 
sweptback tail surfaces, and an adjustable  stabilizer  for trim. The wing- 
leading edge s l a t s  were locked  closed for  the  tests  reported i n  t h i s  paper. 
The airplane is powered with a nonafterburning Westinghouse J34-WE-40 
turbojet  englne which exhausts  out  the bottom  of the  fuselage between 
the wing and the tail .  Additional thrust i s  provided  with a Reaction 
Motors m8m-6 liquid  rocket  engine  with a sea-level nominal thrust 
ra t ing  of 6,000 pounds available in four  steps of 1,500 pounds each. 
Pertinent  physical  characteristics of the  basic  configuration arre given 
in  tab le  I. 

A three-view diagram of the D-558-11 airplane showing the  s tore  con- 
figuration i s  given in figure 1 and  a photograph of the  airplane  with 
s tores  is  presented in figure 2. The s tores   tes ted were the Douglas DAC 
s tore  shape of 1% gallolls capacity and 180 inches in length. The stores 
were synnrietrically mounted on pylons at about  61-percent wing semispan 
at predetermined  wing-attach  points. The thickness of the pylons was 
7.6 percent. Four fins were originally mounted on each s tore  in planes 
a t  45' to   the   ver t ica l .  -To insure adequate ground clearance during the 
f l i g h t   t e s t s ,  however, the  f ins  were rotated t o  the  ver t ical  and hori- 
zontal  planes and the bottom fin was removed. Details of the  pylon and 
15O-gaLlon store  are  given  in  tables I1 and III, respectively, and 
mounting details are presented in figure 3. 

Standard NACA recording  instruments were instal led in the  airplane 
t o  measure the  following  quantities  pertinent t o  this  investigation: 

Airspeed 
Altitude 
Normal acceleration 
Longitudinal  acceleration 
Angle of attack 
Rocket cylinder combustion-chamber pressure 
Turbojet  engine speed 
Turbojet  nozzle t o t a l  pressure 
Compressor face  total  pressure 
Elevator and stabil izer  posit ions 

All instruments w e r e  synchronized by a cormon timer. 



5 

I 

A n  NACA high-speed p i to t - s ta t ic  head with a type A-6 ( re f .  5 )  t o t a l -  
pressure probe w a s  mounted on a boom 57 inches forward of the nose of 

for  Mach numbers  below 0.8 and by the NACA radaz-phototheodolite method 
for  high?^ s p e e a   ( r e f .  6 ) .  The angle of attack was measured from a vane 
mounted on the nose boom a t  a point 42 Inches  ahead of the nose of the 
airplane.  Total  pressures  at the engine corrrpressor face and j e t  nozzle 
were measured with cantilever-type probes inserted i n t o  the gas stream. 

- the  airplane. The airspeed system w a s  calibrated by the tower-pass method 

T h r u s t  measurement was obtained both  for the rocket  engine and the 
turbojet  engine t o  determine the lift and drag coefficients. For the  
rocket  engine the following equation w a s  used f o r  each chamber of the 
engine firing: 

For the  investigation,  the  values of C r  varied from 1.33 t o  1.36 
f o r  Individual  cylinders  as determined f r o m  ground runs at a thrust  stand. 

For the turbojet  engine,  sonic  flow w a s  established at the jet nozzle, 
permitting the use of the following equation f o r  gross thrust: 

The value of Cf was determined from ground runs at a thrust  stand. A 
more detailed discussion of these  equations is given in reference 7. 

Ram drag was determined from the following equation: 
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Engine air consumption w a s  determined from pumping curves  supplied 
by the engine  manufacturer.  Basic  equations for   the  computation of the 
lift and drag coefficients are: 

sin a - ax COS a) + Fj  COS(^ + 0 )  + Fr COS ct - Fi] 

cos a, + sin at) - FJ sin(ct + 8) - Fr s i n  a, 1 
ACCURACY 

The following  accuracies of measurement are believed t o  be applicable 
for   the  resul ts  presented: 

a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.5  
an, g . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.025 
ax, g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.005 

M fO .01 subsonicdly 
+O .02 trassonically 

q ( M  = 0.8, hp = 37,500 f t ) ,  l b / s q  f t  . . . . . . . . . . . . . . . .  k3 
W , l b  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *lo0 

. . . . . . . . . . . . . . . . . . . . . . . .  

All thrusts are  accurate t o  + l 5 O  Ib. 
A detailed  discussion of the  sources  contributing to   error8 i n  meas- 

urement of these quantities is givgn in  reference 7. 

The error Fn l i f t  coefficient i s  5 percent  or  less  throughout  the 
l i f t  range presented. The accuracy of the drag coefficient depends 
p r h a r i l y  on the  accuracies of thrust, angle of attack,  longitudinal 
acceleration, normal acceleration, weight, and Mach number. It is believed 
that the  faired  values of drag coefficient  are  accurate t o  wlthin k0.002 
a t  low l i f t ,  since most of the aforementioned error sowces  are random. 

TESTS, RFSULTS, AND DISCUSSION 

L i f t  and drag characterist ics were determined for  the Douglas D-558-11 - 
(145) research  airplane i n  the clean  condition  for  both the bas ic  and. the 
store  configurations. The airplane was air-launched a t  about 30,000 f ee t  
from a  Boeing B-29 mother airplane. Data  were obtained  over  the  altitude 
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range of about X), 000 f ee t  to about 40,000 f e e t  during  climbing flight, 
speed runs, and turns. The higher  speed data w e r e  obtained w i t h  both 

engines  operating,  the  ratio of rocket thrust to j e t  thrust w&s about 
6 t o  1 at the higher t e s t   a l t i t udes .  The Reynolds number of the tests 
varied from 12 t o  20 million based on the wing mean aerodynamic chord. 
Use was made of the  elevator or s tab i l izer ,  o r  both, durhg turns and 
f o r  trim when the   p i lo t  found it necessary. Elevator position  varied 
from 0’ to 13.5O, t r a i l i ng  edge up; stabi l izer   posi t ion varied from O.go 
t o  2. lo, t r a i m g  edge down for   the   t es t  data used in this paper. 

t the rocket  engine and the  turbojet  engine in operation. With the two 

Figures 4 asd 5 present  the  variation of  lift coefficient  with angle 
of  attack and drag coefficient fo r  several Mach numbers for  both  the  basic 
and store  configurations. Each curve presents data covering a  narrow band 
of Mach  number about the s ta ted Mach number. Below the drag-rise Mach 
number the  b a d  was k0.025; at higher Mach numbers it w a s  reduced t o  fO.01. 

Figure 6 shows the data of figures 4 and 5 replotted f o r  Mach num- 
bers of about 0. 50, 0.80, and 0.96. At a given lift coefficient f o r  the 
test range, the addition of stores  fncreased  the  angle of attack by about 
lo f o r  M&h numbers of 0.5 and 0.8; little effect  w a s  noted at a Mach num- 
b e r  of about 0.95. The former result is probably  associated with a reduc- 
t i on  in loca l  wing loading  resulting from a decrease in positive.pressure 
coefficients on the  undersurface of the WFng ( r e f .  8). The data a l so  
indicate  the store configuration produced higher  values of drag coeffi- 
cient fo r  all Mach numbers shown, with the  largest   difference Fndicated 
for  a Mach  number of 0.95. 

The slopes of the lift curves of figures 4 and 5 are  plotted against 
Mach  number in figure 7 f o r  l i f t  coefficients below about 0.5 f o r  the two 
configurations. There is  IAttle  difference in  for  Mach numbers 
below about 0.8 f o r  the two configurations; above 0.8 lmger  variations 
i n  were noted f o r  the s t o r e  configuration. The basic  co&iguration 
reached a peak C h  of about 0. Og at M = 0.8, whereas the s tore  con- 
figuration reached a peak C h  of about 0.095 a t  M = 0. @. 

Figure 8 presents the variation of drag coefficient with Mach n u -  
ber f o r  constant lift coefficients of 0.2, 0.4, and 0.6 obtained from 
the data of figures 4 and 5. In the subsonic  region  the  curves show a 
r e l a t i x l y  constant  level of drag coefficient  before drag r i s e .  For all 
lift coefficients in this region  the *ag f o r  the  store  configuration 
exceeded that for  the  basic  configuration xLth an increase of about 20 per- 
cent in CD at M = 0.8 and CI, = 0.2. The addition of the stores and 
pylons added about 18 percent to the wetted  area of the  basic  configura- 
t ion.  This result suggests  the  increased drag is due t o  skin-friction 
effects.  In the  drag-rise  region  the  difference in drag coefficient 
between the two configurations  increases. T h i s  la t ter   condi t ion may be 
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the  resul t ,  i n  past, of the less favorable  cross-sectional-area  distri- 
bution  effected by the  addition of the  stores. As shown in figure 9, 
the addition of the  store and pylon r e su l t s   i n  a more abrupt change in 
cross-sectional  mea i n  the  region of the wing, tending t o  increase the 
drag according "to the  area rule (ref. 9 ) .  

Returning to   f igure 8, the  curves  Indicate a reduction in drag-rise 

. 

dCD Mach  number ( dM = 0.1) with  the  addition of s tores   for   l i f t   coef f ic ien ts  

of 0.2 and 0 4. Data from reference 2 are shown Fn figure 8 for compazi- 
son  purposes at M = 0.85 and = 0.2  for the basic and store  config- 
urations. The wind-tml data indicate  essentially  the same drag  penalty 
due to  store  addition as measured i n  f l igh t .  

Figure 10 presents   the   mia t ion   wi th  Mach  number  of (L/D),, and 
of CL f o r  (L/D),, f o r  the data of figures 4 and 5. The basic con- 
figuration produced 'a higher  value of (L/D),, for  all Mach numbers 
where direct  comparison can be  made. The bas i c  configuration produced 
a peak (L/D)- of about 11.4, whereas the store  configuration produced 
a peak value of about 9.8, both  peaks occurring at a Mach  number ,of about 
0.75. This  represents a reduction of approximately 1 4  percent i n  peak 
(L/D)-. Correspondingly, the basic  configuration produced a lower value - 
of CL f o r  (L/D)ma for Mach numbers below about 0 48. 

Figure 11 presents C L ~  plotted  against CD using data from fig- 
ures 4 and 5.  Straight  l ines were faired through the data for l i f t  coef- 
f ic ien ts  less than 0.55. The slope of a straight line s o  obtained is a 
measure of the drag due t o  lift for   the  l i f t -coeff ic ient  range from 0 
t o  0.55 and is referred  to  as the  drag-due-to-lift  factor dQ/dC$2. 
Figure 12 shows the  variation of drag-due-to-lift  factor  for  both  the 
basic  configuration and the  store  configuration for the test  Mach  number 
range. For the  basic  configuration  there is a steady  increase in dQ/dCL2 
8s  Mach  number increases from about 0.5 t o  0.96, suggesting a large  decrease 
i n  WFng leading-edge suction as transonic speeds are approached. The store 
configuration shows a higher value of dCD/dCL2 for all Mach  numbers tested 
below 0.93. Above this value  the  reverse is true. A t  a Mach  number of 0.9 
the  basic  configuration produced a value of dCD/dCL2 of 0.19, whereas 
the store configuration produced a value of about 0.24. 

coNcLlfijIoNs 

Fl ight   tes ts  of the lift and drag of the Douglas D-558-11 (145) 
research  airplane i n  the basic and 150-gallon DAC store  configurations 
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f o r  a Mach  number raage of 0.48 t o  1.03 led t o   t h e  following conclusions: 

1. The addition of stores Fncreased the  drag at all Mach numbers 
tested. Below the drag rise the  increase was of about the same magnitude 
a s  the  increase Fn wetted area caused by the  addition of the stores. 

less  favorable  cross-sectional-area  distribution. 
’ Larger differences  noted in  the  drag-rise  region were probably due to a 

2. The addition of stores reduced the peak l i f t -drag 
by about 14 percent ad. reduced the drag-rise Mach  number 
f ic ien ts  of 0.2 and 0.4. 

r a t i o  (L/D),, 
f o r  lift coef - 

3. For Mach numbers  below about  0.93 the  addition of stores  increased 
the  drag-due-to-lift  factor dQ/dCL2. At a Mach  number of 0.9 the  basic 
configuration produced a value of d Q / d a 2  of 0.19, whereas the  s tore  
configuration produced a value of about 0.24. 

4. There was l i t t l e   d i f f e rence  i n  lift-curve  slope f o r  the 
basic and store  configurations f o r  Mach numbers  below about 0.8. Above 
0.8, larger  variations in C& were noted fo r  the  store  configuration. 
The basic  configuration  reached a peak Ut-curve   s lope  of about 0.09 a t  
a Mach  number  of 0.8, whereas the  store  configuration  reached a peak lift- 
curve  slope of about 0.095 a t  a Mach  number of 0.85. 

Righ-Speed Flight  Station, 
National Advisory Committee fo r  Aeronautics, 

Edwards, Calif. , April 23, 1957. 
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wing:  . . . . . . .  
T i p  airfoil section (n~nmal t o  %-percent chord of -wept -1) NACA 6%-0~2 
kmt   ab fo i l   s ec t ion  (normal ta w-perctnt &cud of unauept pawl) HAcA 63-0m 

8psn,ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25.0 
l&en aeroaypamic chcxca. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e.301 
Root chord (parallel t o  plgnc of s . . . . . . . . . . . . . . . . . . .  m.>1 

. . . . . . .  
T o t a l - , E q f t ;  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1n.0 

Tip chord (paral le l  to plane of 6118 
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 9 5  
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.570 

Sweepofleadingedge.deg. 9 . 8  
Sveep at 30-percent chard of unewept deg i x.0 
Incidence at  fuseme center Liae. dug ........................ 3.0 
Dihedral, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -3.0 
Ckawtric twist. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total Won arayrearmzd of hinge U), sq ft 9.8 

l o  

Total  flaQ area. sq ft 12.98 Aileron travel  (each), deg a 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.traval. dsg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  39.9 ~pan.ia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  143.6 
Meanaerodynamic chord. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .‘41 .b 

T i p  chard (garallel to pLane of E-?. in 26.8 
mt chord (garallel t o  ~LWLUZ of Bgmmtt ). in 53.6 

Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.w 
Sweeg at M-percerrt chorcL line of Mswegt panel. dog 40.0 
Aspectratio 3.59 

mevator area. sq ft 9.4 
Dihedral. deg 0 

Elevator travel. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
km . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 

Leadingedgedown 5 
-edge- 4 

. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Stsbillecr travel. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
vertical tsll: 

Airfoil section (nomd tu >percent chord of rmeuept panel) . . . . . . . . . .  lIAca 63-010 
Ares. sqft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36.6 
Height fmmfuselage  center Line. in . . . . . . . . . . . . . . . . . . . . . . . . . .  98.0 
h o t  ch OM. (par- to fuseLage center m) . in .................... 146.0 
T i p  chord (parallel to fuaw center l ine).  in .................... 44.0 
S e e p  angla at %-percent chord of unawept panel. deg . . . . . . . . . . . . . . . . .  4g.0 

Rrnadsr travel. deg : 525 
Rudder area ( r e m  of lipe) sq ft 6.15 . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuselage: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Maximumdiameter. in 60.0 
Length. ft 42.0 

m e s s  ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.40 
Speed-ret& area. sq it . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.25 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-ea : 
~ b o j e t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
m e t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -m-6 

Airplane veight. lb: 
Full Jet and rocket fuel  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15. 570 

~ o f u e l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10. 822 Full. j e t  iutl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12, 382 
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TABLE I1 

DIMENSIONS OF PYLON IISED WITH DOUGLAS EXTERNAL 

STORES (150 GAL. TANK) 

[Stations and ordinates given in inches 1 

Station 

0 
-5 
1.0 
2.5 
5.0 
7- 5 
10 .o 
12.5 
15.0 
1.795 
20 .o 
22.5 
25.0 
27.5 

" 1-1 
Station 

0 
* 513 
.718 
1.1u 
1.528 
1 . 8 ~  

2.213 
2.043 

2.341 
2.430 
2.482 
2 . 9 0  
2. wo 
2.500 

30.00 
32.5 
35.0 
37- 5 
38.5 
41.0 
43.5 
46.0 
48.5 
51.0 
53.5 
58.5 
43.5 
66.0 

L.E. radius: 0.275 
T.E. radius: 0.045 

OrdinAte 

2.500 
2.500 
2.500 
2.500 
2.500 
2.481 
2.419 
2.308 
2.147 
1- 936 
1- 677 
1.048 
.342 

0 

. 

1 



t 

1- 1" Spherical radius 

7 
Station 

Stat ion 

0 
6 

13- 5 
23.5 
33.5 
43- 5 
53-5 
63.5 
73.5 
83.5 
89.5 
99.5 
L.E. slope: 

R a d i u s  

0 
2.745 
5.165 
7.228 
8.541 
9.489 

10.190 
10.500 
10.500 
10.500 
1o.ylo 
10.348 

 an = 0.531 

Station 

109 - 5 
119- 5 
129 5 
139 - 5 
148.0 
153 - 0 
158.0 
163.0 
168.5 
172- 5 
176 - 5 
180.0 

Radius 

9.912 
9 - 225 
8.322 
7.242 
6 . ~ 5  
5 575 
4 - 917 
4.246 
3- 500 
2- 934 
2.174 
0 

I T.E. radius: 1.000 



Figure 1. - Three-view d r a w i n g  of the Douglas D-558-11 research airplane 
s h o w i n g  installation of the DAC 15O-gallon external stores. A l l  
dimensions in inches. 
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M= BO 84 -90 92 .96 -98 
Q, d w  

- .  

* (a) C, plotted against a. 

Figure 4.- Variation of lift  coefficient with angle of attack and with - drag coefficient for basic  configuration for several Mach numbers. 



(b) CL plot ted against %. 

~ i g u r e  4. - Continued. 



M= 96 98 
cD 

. .~ .. . - 

(b) Concluded. 

Figure 4;- Concluded. 



M=.86 .9 I 95 1.03 
a,deq 

(a) C, plotted  against a. 

Figure 5.- Variation of lift coefficient  with angle of a t tack and with 
drag coefficient  for  store  configuration  for  several Mach nunibers. 
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(b) Cr, plotted  against  CD. 

Figure 5 .  - Contbued. 
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M= LO3 
CD 

(b) Concluded. 

. 

Figure 5.- Concluded. 
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Figure 6. - Comparison of lift; curves and p o r n  curves for several k c h  
.I nunibem. 



Figure 7. - Variation of lift -curve slope xlth Mach number; C, < 0.5. 
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Figure 8. - Variation o f  % with M for several 'lift coefficients. 
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Figure 9.- Cross-sectional area distribution for basic and store  configurations. 
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M=.50 .60 -67 .70 .80 
cD 

M=.W .90 .92 .96 .98 
CD 

(a) &sic configuration. 

Figure I". - CL2 plotted against % for several Mach nmbers . 
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(b) Store  configuration. 

Figure ll.- Concluded. 
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Figure 12.- V a r i a t i o n  of drag-due-to-llft factor with Mach number. 
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